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Since its development in 1983 (1), RNase protection assay (RPA)
has become one of a few standard techniques for RNA analysis.
The procedure is based on the hybridization of the analyzed RNA
to a radioactively labelled RNA probe with subsequent digestion
of unhybridized RNA with single-strand-specific nucleases,
typically a combination of RNases A and T1 (2,3). The
hybridization is traditionally performed in a formamide-containing
buffer. In that case, hybridization is carried out overnight and in
combination with the subsequent overnight exposure the proce-
dure takes 2 days to be completed. Given the short life time of
high-specific-activity RNA probes, just very few RPAs can be
performed consecutively once a probe is prepared. The aim of this
work was to streamline the standard RPA procedure to so that it
can be easily accomplished during a regular working day without
compromising either sensitivity or quality.
We explored the possibility to enhance RPAs throughput by
shortening the hybridization time. It is well known that hybridiza-
tion in the presence of formamide is quite slow, the reaction
constant being 12-fold lower compared to that of the aqueous-
solution hybridization in case of RNA-DNA interaction (4). The
formamide-containing buffer was introduced originally for
kinetic analysis of RNA-DNA hybridization, for which its
application was justified mainly by the possibility to preclude the
competing DNA-DNA hybridization (4). This is clearly not
relevant for RPA. So, we expected the hybridization time to be
considerably reduced by eliminating the formamide from the
hybridization buffer and even further by increasing the salt
concentration to 1 M in the buffer. On the assumption that kinetics
of RNA-RNA hybridization are similar to those of RNA-DNA
hybridizations, the total gain in the hybridization rate could be
estimated as -20-fold (4,5). The results presented in Figure IA
confirm our expectation. The comparison was performed in
conditions corresponding both to the second-order kinetics (lanes
1 and 2) and to the pseudo-first-order kinetics (lanes 3 and 4). In
both cases, hybridization at 80°C in the absence of formamide
(PES buffer in Fig. 1) for 70 min produced slightly stronger
signals than the conventional procedure (STD buffer in Fig. 1).
Despite the elevated hybridization temperature, no signs of
excessiveRNA degradation can be detected as compared with the
standard procedure, apparently due to the short incubation time.
When hybridization was allowed to proceed in both buffers for
the same time the signals obtained with the standard buffer were
consistently several-fold lower (data not shown).
Next, we assessed the possibility to enhance the hybridization
rate further. Cetyltrimethylammonium bromide (CTAB) was
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Figure 1. Application of high temperature RNA-RNA hybridization to RPA.
The radioactive probes (specific activity 744 Ci/mmol) were synthesized by in
vitro transcription of cloned fragments of either Arabidopsis thaliana actin (8)
or mouse [.Vactin (9) genes in the presence of [32P]CTP (Amersham, Aylesbury,
UK) and were used to probe in vitro synthesized A.thaliana actin RNA (303 nt
protected) and total mouse liver RNA (250 nt protected), respectively. In vitro
transcription reactions with T7 and SP6 RNA polymerases were performed
using the kits manufactured by Promega (Madison, WI, USA). The assays were
done with RPA H1TM kit (Ambion, Austin, TX, USA) either according to the
manufacturer's instructions or substituting PES for the hybridization buffer.
Unless indicated, the hybridization reactions were performed in 10 gl with 1
fmol of the probes. Upon hybridization the samples were digested with RNase
A (1.5 sg/ml) and RNase TI (30 U/ml) at room temperature for 30 min. The
amount and kind of the probed RNA are indicated at the bottom of the figure.
The negative controls (lanes marked with a hyphen) contained 2.5 jg of yeast
tRNA. (A) High temperature hybridization in PES as compared with
hybridization in the conventional STD buffer at low temperature under
conditions corresponding to the second-order kinetics (lanes I and 2) or the
pseudo-first-order kinetics (lanes 3 and 4). (B) RNA-RNA hybridization in the
presence of 1 mM CTAB. (C) Comparison of RNA-RNA hybridization at 90
versus 80°C. Abbreviations: STD, 80% formamide/0.I M Na-citrate (pH
6.4)/0.3 M Na-acetate/i mM EDTA; PES, 25 mM Pipes (pH 6.8)/i M NaCI/i
mM EDTA.
reported to increase the rate of DNA-DNA reassociation
-400-fold when present at 1 mM concentration (6). Therefore, we
examined the possible effect of 1 mM CTAB on RNA-RNA
hybridization but failed to find any acceleration in the conditions
used (Fig. IB). Subsequently, attempts were made to optimize the
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hybridization temperature. In the absence of reliable kinetics data
on RNA-RNA hybridization, the choice of 80'C as the
hybridization temperature was unavoidably arbitrary. The results
presented in Figure IC demonstrate that indeed hybridization at
90°C produced considerably stronger signals (1.4- and 2.0-fold
for reactions containing 1 and 0.1 fmol of the probe, respectively)
as determined by scanning with a Phosphorlmager (Molecular
Dynamics, Sunnyvale, CA, USA). Rough estimation of the rate
constant for RNA-RNA hybridization at 90°C based on the data
presented in Figure IC gives a value close to 7 x 106 M-1 s-1,
corresponding very well to the rate constant calculated for
DNA-DNA reassociation at the same salt concentration and
optimal temperature (7). The extent of hybridization calculated
on this basis is expected to be 94 and 25% for lane 4 and lanes 3
and 6, respectively.
Elimination of formamide from the hybridization buffer not
only shortens the hybridization time but also reduces the time for
sample preparation because in this case the buffer constitutes as
little as 30% of the reaction volume, so that there is no need for
RNA precipitation prior to hybridization.
Finally, we conclude that RPA-employing hybridization in
formamide-free buffers at high salt concentration and high
temperature is superior to the conventional assay, enabling
considerably higher throughput without any compromise in the
signal quality. Our experience demonstrates also that high-specific-
activity RNA probes as old as 1 week (Fig. 1A, lanes 1 and 2 and
Fig. 1C, lanes 1-6) can be successfully used for RPA. Taken
together, it means that at least seven RPAs can be routinely
performed in succession with the same probe. The use of
formamide-less hybridization buffers should entail also addi-
tional reproducibility to RPA, because nucleic acid duplex
stability is less dependent on the GC content in aqueous solutions
as compared with the high concentrated formamide solutions (4).
The described streamlined procedure is applicable to RNA of
different origin, including total RNA from plants and animals.
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